We investigate the interaction between the real estate market and the business cycle volatility in China over the past two decades. A Bayesian dynamic stochastic general equilibrium (DSGE) model with nominal stickiness and collateral constraints is estimated. It is found that shocks from the housing market (e.g., loan-to-value ratio and housing preference shocks) affect the macroeconomy of China. The interactive feedback between credit constraints and housing prices amplifies the impact of various economic shocks, which plays an important role in explaining the business cycle volatility in China. . All remaining errors are ours.
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Introduction
Over recent decades, the boom-bust cycles in the real estate market have been widely documented and discussed (Hirata et al., 2012) . Considerable attention is paid by policymakers and researchers to the interaction between housing prices and business cycle fluctuations. For instance, Iacoviello (2005) analyses the collateral channel: rising housing prices lead to rising collateral value and increasing borrowing capacity, which promotes consumption and economic growth. Benito (2006) suggests that credit constraints play an important role in the housing market and significantly affect business cycle volatility. Iacoviello and Neri (2010) use a Bayesian approach to quantify the contribution of the housing market to business cycle fluctuations.
Previous studies have focused on developed countries, and little is known about emerging market economies. How real estate assets interact with business cycle volatility is an important issue yet to be fully understood. In this paper, we add to the literature by investigating how the housing market interacts with the shocks that drive economic fluctuations in China. The case of China is of interest for several reasons.
First, China exhibits almost all of the notable features that characterize emerging market countries. For example, China's financial system is characterized by the repressive financial policies that are prevalent in many emerging countries. Small and medium-sized firms "rely" heavily on informal finance, a typical feature for most emerging market economies (He et al., 2016) . Second, despite the financial repression, China's housing market has grown rapidly since 1998. The property prices in China have risen rapidly over the last decade. Home prices are 10 times the median household income and in Beijing the ratio is close to 22 times. Understanding the housing price dynamics and associated government policies in China provides valuable experiences for other emerging market economies. Finally, as China has played a significant role in the global market, the collapse of the housing market in China will have a devastating impact on the world economy. Therefore, how the Chinese government should prevent excessive speculation in the housing market and a subsequent housing market collapse has received increasing international attention.
To shed light on this issue, we develop a DSGE model based on Iacoviello (2005) to investigate the channels through which the housing market affects the economy in
China. An important attribute of our model is that it takes into account the nominal price stickiness and collateral constraints, which allows us to study the interactions between the housing market and macroeconomic fluctuations. Specifically, we extend the model of Iacoviello (2005) in two aspects: first, we incorporate fiscal policy into the model so that the relative contribution of fiscal policy and monetary policy to macroeconomic fluctuations can be evaluated. Second, we allow a stochastic shock to loan-to-value ratio (LTV) so that impacts of shocks caused by central banks' monetary policy can be investigated.
The main finding of this paper is that the interactive feedback between credit constraints and housing prices magnifies the impact of various economic shocks. Because of the interactive effect, the shocks from the housing market, e.g., loan-to-value ratio and housing preference shocks, are the important determinants of business cycle volatility in China. Housing preference shocks are the most important drivers of housing price fluctuations. Policies which can affect the effective housing demand are therefore important for smoothing housing price fluctuations. However, such polices also lead to a decline in output and employment rate.
The rest of this paper is organized as follows: Section 2 presents basic facts on China's housing sector. Section 3 describes the DSGE model. Section 4 and 5 present the model estimation and inference results. Section 6 concludes this paper.
Housing Market in China
Over the last three decades, China has maintained a rapid economic growth rate. After a series of reforms, the private housing market was established, and it has experienced a rapid expansion over the past decade. Panel A and B of Figure 1 show the annual changes in floor space of newly started commercial residential housing and the investment in residential housing respectively between 1998 and 2013. Note that there were only 166.375 million square meters of residential houses in 1998, while 1458.45 million square meters were built in 2013. During the same period, investment in residential housing increased 19.9 times, and accounts for more than 10 per cent of GDP at the end of 2013.
[Insert Figure 1 here]
With the expansion of the housing market, bank credit plays an increasing role in financing the residential housing investment. Figure 2 shows that the ratio of bank loans to residential housing over GDP increases from less than 1% to more than 17.23%. The loan outstanding to residential housing was less than 100 billion RMB in 1998, and reached 9800 billion RMB at the end of 2013. The growth rate of residential housing loans is much higher than the growth rate of the money supply. 2 This suggests that an increasing percentage of money supply is channeled into the real estate market.
[Insert Figure 2 about here] [Insert Figure 3 about here]
Due to the fear of asset bubbles, the Chinese government has adopted a series of policies, e.g., a tighter monetary policy, higher transaction taxes, a reduction in mortgage lending and increases in down payments, 4 to cool down the demand for real estate and reduce speculations in the housing market. Table 1 summarizes the primary policies adopted by the Chinese government to cool down the housing market.
[Insert Table 1] The Chinese government relies on administrative measures to control housing prices. One such measure is to control the down-payment ratio (loan-to-value ratio).
Despite the efforts made by the government, the housing price level in China relative to household income is still very high compared to the rest of the world.
The Model
The model features four types of economic agents, namely entrepreneurs, retailers, patient and impatient households. The patient households are lenders while the impatient households and entrepreneurs are borrowers. The patient households have lower discount rates than impatient ones (Iacoviello, 2005) . Retailers are directly owned by the lenders. Following Iacoviello (2005), the supply side is divided into a production sector and a retailing sector to simplify aggregation. The flexible-price production sector, managed by the entrepreneurs, faces a borrowing constraint due to the same type of contract incompleteness as the one specified in Kiyotaki and Moore (1997) . In the retailing sector, there is no contract incompleteness and borrowing con- straint. The nominal price is sticky.
Households sectors
The patient households maximize their expected lifetime utility given by (1) subject to the constraint:
( 2) where '
 is the subjective discount factor; ' t c is the consumption at time t, ' t h is the real estate stock; t j is the weight on the real estate stock which is assumed to be time varying to allow for a preference shock; ' t L are the number of working hours;
 is the real stock of lending provided by the household; ' t w is the real wage rate; t F is the lump-sum profit from the retailers; ' t  is tax paid to the government; '' ' 2 '
,1 1
 ,  are constant parameters. Equation (2) states that in each period, the households receive loan repayments, working wages, profits from the retailing sector and use them to buy consumption goods, purchase houses, issue new loans and pay taxes.
The impatient households have to borrow to purchase houses since their discount factor is '' '    . If a borrower breaches the contract, the lender can obtain the net value of the real estate by paying transaction costs. Therefore, the firm's borrowing cannot exceed the net present value of the real estate times a loan-to-value ratio. The gross interest rate is nominally specified in the loan contract. Therefore, inflation can reduce the real value of the debt.
More specifically, the impatient households maximize
subject to the budget constraint:
(4) and the borrowing constraint
m is the loan-to-value ratio;
is a shock to the loan-to-value ratio. In each period, the impatient households receive loans and wage payments and use the money to buy consumption goods, purchase houses, pay taxes and repay the debt.
Before we carry on, it is important to have some discussion on the housing preference parameter t j . First, it is assumed to be the same across both household sector, so a shock to it is an aggregate shock. Second, since we have used the representative agent approach to aggregate both the patient and impatient household sectors, t j not only reflects unexpected changes in individual households' preferences, but also reflects anything that affect the transformation of each individual household's preferences into the aggregate effective housing demand. An important Chinese macroprudential policy which can affect the effective housing demand is restrictions on housing purchase (see Table 1 ). Even if individual households have very strong preference for housing, administrative restrictions will prevent that strong preference from forming a strong effective demand for housing. Therefore, by studying the effects of the housing preference shocks, we can analyze the effects of this kind of macroprudential policies.
Another shock which is related to government policies is the loan-to-value shock.
The loan-to-value ratio '' m measures the amount of loan a representative house buyer can obtain with a given market value of the house. Obviously, at least two government credit policies can affect the aggregate loan-to-value ratio. The first policy is the minimum down payment requirement (see Table 1 ). The second is the administrative policy which directly affects aggregate credit supply. Suppose the loan-to-value ratio set by an individual bank for the bank's own risk management purpose is 0.8, it does
not mean a potential borrower with a collateral valued at 6 million RMB can borrow 4.8 million. If the down payment is set to be 40 percent, at least 2.4 million has to be paid by the buyer herself, so the actual loan-to-value ratio will be lower than 0.8. In practice, the Chinese central bank usually applies administrative policies to influence the commercial banks' aggregate credit supply. Suppose a bank's loan-to-value ratio is 0.8 and there is no down payment requirement, it could be that a house buyer's target house has a collateral value of 6 million but she cannot borrow up to 4.8 million.
This is because there may be too many borrowers whose loan demand adds up to a total amount higher than the total supply the bank can offer. The credit policies work through changing the gap between the demand and supply.
Production and retailing sectors
Entrepreneurs produce wholesale goods. Retailers buy the wholesale goods at price w t P and re-sell them at price t P .
Entrepreneurs choose consumption t c , investment
employment of two types of labors ' L and '' L to maximize their expected lifetime utility ,
subject to the production technology ,
the budget constraint ,
and the borrowing constraint and use them to buy consumption goods, purchase houses, repay debt, pay salaries and taxes and make investment.
The retailing sector features monopolistic competition. The mass of retailers is 1.
Indexing the retailers by z, the final goods are
Assuming that the retail price can change in every period only with probability of 1-θ and denoting the reset price by * () t Pz, the retailer's optimization problem is to choose
Pz to maximize the net present value of its lifetime profit flows. The first order condition to this optimization problem is as follows: , 
.
The monetary policy on interest rate follows (15) where H is the fixed supply of houses;
__ rr and Y are the steady-state real interest rate and output respectively; , Rt e is the monetary policy shock with a variance 2 R  .
The government budget constraint is
The government expenditure evolves as follows: 1,
ln
(1 ) ln ln
where G is the steady-state government expenditure, , gt e is a i.i.d. shock with variance 2 g  .
Other shock processes follow: Table 2 lists the calibrated parameters of the model. For standard parameters, the values are set within the range considered in the real business cycle literature. The discount factors (β′, β′′) of the patient and impatient households are set to 0.99 and 0.985, respectively, to match China's interest rates on savings and personal housing mortgages. The discount factor for entrepreneurs is set as 0.95 to match the Chinese firms' housing mortgage rate, 21%, which is the average housing mortgage rate of the informal finance sector through our sample period. 5 As the official lending rate is highly regulated in China, most small and medium-sized firms find it difficult to access external finance from the formal financial sector in China (Allen et al., 2005) .
Calibration and Estimation
The official lending rate is less likely to reflect the actual borrowing cost of the firms. 6 δ is set to be 0.025, corresponding to an annual capital depreciation rate of 0.1 (Bai et al., 2006) . Housing share (v) and capital share (μ) are 0.11 and 0.39 respectively.
The sum of those two parameters equals 0.5, the same as the value estimated by Bai et al. (2006) . We set the housing share to be the value estimated by Huang et al. (2008) .
The values of other calibrated parameters follow Iacoviello (2005).
[Insert Table 2 about here] Other parameters are estimated by employing the Metropolis-Hastings Bayesian method with 10,000 burn-in draws and 100,000 iterations. Due to the stylized nature of DSGE models, maximum likelihood estimation often generates absurd parameters which are at odds with prior information. The Bayesian method can avoid this problem. Moreover, prior information adds curvature into the posterior density surface so that numerical maximization can better identify model parameters than the maximum likelihood estimation when the likelihood function is flat around some parameter values.
We employ quarterly data of five macroeconomic variables from 1998Q1 to 5 Data obtained from the CEIC. 6 We also set the discount factor for entrepreneurs to match the official lending rate. It turns out that our primary results remain qualitatively unchanged. 2013Q4: real GDP (Y), consumer price inflation (π), real government expenditure (G), investment (I), and the interest rate (R). Our data are drawn from the CEIC database. Real variables are at constant prices in 1998. All variables are seasonally adjusted by the US Census X12 method. The HP filter is employed to detrend the data.
The summary statistics of the prior and posterior distributions are summarized in Table 3 . The prior mean of the housing preference parameter j is set to be 0.2, much higher than the US level. We set a relatively large prior standard error of this parameter to reflect the uncertainty of its true value. Priors of the monetary policy parameters are set to be the OLS estimates. Prior means of housing adjustment cost parameters are set to 1, higher than the US level (0), to reflect the heavy regulations and higher transaction costs on housing stock adjustment in China. However, the prior standard deviations of these adjustment parameters are set relatively large to provide room for the data to adjust to the prior.
[Insert Table 3 about After a positive housing preference shock, housing prices rise. The housing boom leads to output expansion and inflation, and a subsequent increase in interest rates. As we have discussed above, the government's restrictions on housing purchase can cause a negative housing preference shock, so our results suggest that those restrictions can effectively slow down the housing price increase, but also reduce output. Therefore, it is important to pay attention to the coordination between the macroprudential policy which aims at smoothing house price fluctuations and regular macroeconomic policies which aims at fighting recession and maintaining full employment.
A positive loan-to-value shock leads to more lending and aggregate demand. The increasing demand leads to higher output level. The output expansion raises the nominal interest rate, and lowers the consumption and housing demand of the patient households. Therefore, the housing price drops, although output expansion leads to a stronger industrial demand for housing. Inflation gradually climbs to a level higher than the steady-state level and stays above the steady-state level for a long time. As the industrial demand for housing increases, it finally offsets the decline in the housing demand of the savers, and the housing price increases. As we discussed above, both a higher down payment requirement and a tighter administrative credit supply policy cause a negative loan-to-value shock. Therefore, our results suggest that if the aim is to slow down the housing price increase, such policies only become effective with lags. In the first few quarters after the introduction of the policies, housing price will be even higher. Moreover, these policies will have a negative impact on output and employment.
A contractionary monetary policy shock raises the nominal interest rate, which leads to lower output level and inflation. The housing price also declines. It turns out that the impact of the unexpected monetary tightening is more persistent on output than on inflation. Inflation soon starts to increase again after a temporary decline. The rising inflation reduces the real debt value of the borrowers and encourages investment in capital goods and housing. As a result, both housing price and output gradually recover.
A cost-push shock leads to higher inflation, output and housing price. On the one hand, the increase in cost lowers profit, prevents investment and industrial housing demand. On the other hand, inflation lowers the real value of nominal debt, which loosens the external financing constraint, encourages investment and increases industrial housing demand. The debt devaluation effect also increases the housing demand of impatient households. When the cost-push shock hit the economy, the latter effect dominates, so aggregate demand increase, which pushes up both output and housing price. But as time goes by, the negative impact of the cost increase on profit and investment becomes more and more important. Therefore, both output and housing price decrease towards the steady-state values.
An increase in government spending increases both output and interest rate. The increase in the interest rate lowers inflation rate. Because the government spending increases taxation, it lowers consumption and housing demand. As a result, the output expansion effect is limited and the housing price declines.
[Insert Figure 4 here] To compare our findings with existing literatures, we also report the impulse responses to various structural shocks of the US model calibrated by using the parameters in Iacoviello (2005) . Note that Iacoviello (2005) does not include the government spending shock and LTV shock in his model. No results related to the two shocks are reported in the US model. Figure 5 shows that the impulse responses to all shocks except the cost-push shock are qualitatively similar in both our Chinese model and the US model of Iacoviello (2005) . The cost-push shock increases inflation in both countries. However, the impulse responses of output, and housing price differ qualitatively in the two countries. While output and housing price initially increase in response to the cost-push shock in China, the initial impulse responses of those two variables are negative in the US model. It may indicate that the size of debt devaluation effect of inflation was limited in the US.
[Insert Figure 5 here] Table 4 presents results from variance decomposition. Panel A reports the results for China. It shows that the monetary policy shock based on interest rate adjustment has limited impact on China's business cycle fluctuations. By contrast, the loan-tovalue (LTV) shock plays a notable role. The LTV shock partly reflects changes in the PBOC's credit policy. Therefore, this result suggests that the credit policy has more influence on China's business cycles than the interest rate policy. The cost-push shock explains nearly half of China's business cycle fluctuations. Such shocks are related to various administrative policies, which directly affect the price level. The housing preference shock also plays an important role. As we have discussed above, this shock is also related to government regulations. Putting together, those results suggest that administrative policies of the Chinese government have contributed a lot to China's business cycle fluctuations. In the future, the government needs to transform its policy to make it more market-oriented which can help better manage the expectations of economic agents and smooth the business cycles.
Variance decomposition
In addition, we also observe that the housing preference shock is the most im-portant source of fluctuations in both the housing price and investment. Recall that a positive housing preference shock increases both housing price and output. Therefore, the Chinese government faces a tough policy tradeoff: a policy aimed at smoothing the housing price might dampen investment, cause output fall and unemployment. Table 4 reports the variance decomposition results taken from Iacoviello and Neri (2010) . Similarly, it shows that cost-push shocks are important drivers of the business cycle fluctuations in both China and the US. However, we also find notable differences across these two countries. Compared to the US, the central bank's interest rate policy shocks do not play a major role in China's business cycle fluctuations. This is consistent with the general observation that administrative measures are more effective in adjusting the real economy and price level in China (He et al., 2013) .
Panel B of
As a proxy of the PBOC's administrative measures, the LTV shock explains a large part of China's business cycle fluctuations. The housing preference shock plays a much larger role in China than in the US with regards to investment and house price fluctuations. There are two possible explanations. First, compared to the US, the Chinese government relies more on administrative policies to fight economic fluctuations (He et al., 2013) . Housing preference is likely to be influenced by administrative policies. Second, house sector has a larger weight in the Chinese households' utility function. Thus, the shocks to housing preference play an important role on driving house price and business cycle volatilities.
[Insert Table 4 about here]
Conclusion
This paper investigates the interaction between the housing market and the real economy in China. It is found that the shocks related to the housing market, e.g., loanto-value ratio and housing preference shocks, are important determinants of business cycle fluctuations in the country. The housing preference shock is also the most important driver of housing price fluctuations.
These results have valuable policy implications for the Chinese economy. Although China has adopted a series of government policies to avoid overheating its housing market, most of them are heavily related with government administrative interventions. These policies might be effective in slow down the housing price increase and prevent excessive speculations in the housing market from creating a systemic financial risk, they also contribute to output fluctuations. Particularly, due to the economy's heavy dependence on the housing sector, downward changes of the housing price dampen investment and cause output falls. Although this is not a problem, sometime even desirable, when the economy is overheated and face the threat of inflation, it will pose a tough policy choice for the government when the economy is in recession and there is the threat of unemployment. In this sense, the entire economy is captured by the housing sector. To relax the policy constraint for the government, future policies should encourage innovation and technological improvements which help the economy grow without a heavy dependence on the housing sector. Moreover, compared with the administrative policies, market-oriented interest rate policy has limited impact on the business cycle fluctuations in China. Future reforms are necessary to increase the effectiveness of the market-oriented policies.
It should be noted that our analysis is at country level. China's large geographical scale leads to great diversity in its regional economies. Therefore, future studies along this line should focus on the provincial level analysis and urban-rural comparison.
Huang, H., Wu, C. and X. Du (2008) (1) Improve the responsibility to stabilize the housing prices, e.g., major cities should establish an annual housing price control target；(2) Resolutely curb speculative investment buyers e.g. In cities, where house price is higher than the control target price, People's Bank of China (PBOC) branches will increase down payment requirements ； (3) To increase the supply of ordinary commodity housing and land. ； (4) Accelerate the planning and construction of affordable housing projects ； (5) Strentch market supervision Table 6 of Iacoviello and Neri (2010) . They have a more disaggregated decomposition on different types of technology shocks. The LTV shock and government spending shock are not considered in their paper. 
